Noxious cutaneous contact heat stimuli (48°C) are perceived as increasingly painful when the stimulus duration is extended from 5 to 10 s, reflecting the temporal summation of central neuronal activity mediating heat pain. However, the sensation of increasing heat pain disappears, reaching a plateau as stimulus duration increases from 10 to 20 s. We used functional magnetic resonance imaging (fMRI) in 10 healthy subjects to determine if active central mechanisms could contribute to this psychophysical plateau. During heat pain durations ranging from 5 to 20 s, activation intensities in the bilateral orbitofrontal cortices and the activation volume in the left primary (S1) somatosensory cortex correlated only with perceived stimulus intensity and not with stimulus duration. Activation volumes increased with both stimulus duration and perceived intensity in the left lateral thalamus, posterior insula, inferior parietal cortex, and hippocampus. In contrast, during the psychophysical plateau, both the intensity and volume of thalamic and cortical activations in the right medial thalamus, right posterior insula, and left secondary (S2) somatosensory cortex continued to increase with stimulus duration but not with perceived stimulus intensity. Activation volumes in the left medial and right lateral thalamus, and the bilateral mid-anterior cingulate, left orbitofrontal, and right S2 cortices also increased only with stimulus duration. The increased activity of specific thalamic and cortical structures as stimulus duration, but not perceived intensity, increases is consistent with the recruitment of a thalamocortical mechanism that participates in the modulation of pain-related cortical responses and the temporal summation of heat pain.
a b s t r a c t
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Introduction
Noxious heat activates low threshold ($40°C) and high threshold (>46°C) heat receptors innervated by slowly conducting ($1.0 m/s) unmyelinated C fibers and by the faster conducting ($15 m/s) finely myelinated Ad fibers. The temporal and spatial integration of postsynaptic potentials generated by these nociceptive afferent fibers leads to the temporal recruitment of second order central neurons and the subsequent activation of brain mechanisms mediating pain. Functional imaging studies show that brain activation changes during a prolonged, repetitive, cutaneous application of a painfully hot probe. For example, a positron emission tomographic (PET) activation study revealed that, during the first 60 s of repetitive noxious contact (5 s) heat stimulation, activity appears first in frontal structures such as the premotor, anterior cingulate, prefrontal, and anterior insular cortices. Later, following an additional 40 s of repetitive stimulation, activity appears in the secondary (S2) somatosensory and mid-insular cortices and in the contralateral primary sensori-motor cortex, ventral posterior and medial thalamus, and in the cerebellum; these activation changes are accompanied by increases in the perceived intensity and unpleasantness of the heat pain [11] .
Applying noxious contact heat to the skin continuously, rather than repetitively, reveals a modulation of perceived heat pain and temporal summation. As the duration of a constant noxious heat stimulus increases, the perceived intensity of heat rapidly increases above heat pain threshold when the stimulus duration is extended from 5 to 10 s. However, as the duration of the noxious heat stimulus increases beyond 10-30 s, the perceived temporal summation ceases and the perceived intensity remains nearly constant during this period [21, 34] . This result suggests that, at some time near 10 s after stimulus onset, peripheral or central mechanisms, or some combination of the two, begin to limit perceived pain intensity to create what we will refer to here as a psychophysical plateau. Koyama and colleagues [34] suggested that the psy-
